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SATELLITE COMMUNICATION SYSTEM
CONSTITUTED WITH PRIMARY AND
BACK-UP MULTI-BEAM SATELLITES

RELATED APPLICATIONS

This application claims the benefit of prior filed provi-
sional application 60/398,272, filed on Jul. 23, 2002.

BACKGROUND OF THE INVENTION

I. Field of Invention

The present 1nvention relates to the field of satellite com-
munication systems, and more particularly, to satellite com-
munication systems employing multi-beam satellites and
having built-in redundancy.

II. Related Art

With advances 1n processor and related technologies, per-
sonal computing, whether 1t be for use 1n business or for
pleasure, 1s now widely available to large segments of the
population. Following the advances of networking and
related technologies, many computing devices are now con-
nected to private and/or public networks, such as the Internet
or company Intranets, and have access to a wide variety of
contents served by a broad range of content servers, such as
the World Wide Web (WWW). However, many home or non-
business computing users remain frustrated, as they do not
have broadband access to support the increasingly rich multi-
media contents.

Wire line or fiber optical based broadband access, such as
using Digital Subscriber Line (DSL) or Cable Modem sys-
tems, are currently very popular. However, wire line based
solutions are expensive, and take a long time to achieve per-
vasive nation or continent wide deployment, if that 1s even
possible, as they require physical cable lines to be installed
throughout an entire service or deployment area. As a result,
except for the major metropolitan areas or the most newly
developed communities, users located in many smaller met-
ropolitan areas or older communities remain without
adequate high-speed access to any public or commercial data
networks.

Wireless broadband access, 11 1t can be provided efficiently,
reliably and mnexpensively, 1s not as restricted. That 1s, with-
out 1nstalling expensive cable over long distances or in less
than receptive terrain, every locale across a wide area, includ-
ing entire countries may be more easily or cost effectively
covered.

Concurrently, advances in satellite and related technolo-
gies have led to wide spread adoption of Mobile Satellite
Services (MSS) for communication. MSS has rapidly moved
from servicing simple paging functions to providing voice,
and now, data applications, such as accessing a user’s email or
accessing the Internet or a company Intranet. Accordingly, a
need exists to provide inexpensive and reliable satellite based
data communication services to a large service area, such as
the continental U.S. (referred to as CONUS). It has been
believed that a satellite 1n geosynchronous orbit could service
an area the size of the continental United States and provide
desired data and services. Generally, Low Earth Orbit (LEO)
satellites are viewed as suited for voice tratlic, where there 1s
a need for little signal transit delay.

A number of challenges need to be overcome to provide
such mexpensive and reliable satellite based data communi-
cation service to such a large service area. First of all, while 1t
1s possible for a single multi-beam satellite 1n a geostationary
orbit to cover a service area the si1ze of a large country, such as
CONUS, a relatively large number of beams, 1n the range of
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several tens to a few hundred, would be required to achieve a
desired commumnication link capacity. These beams form
tightly-packed “cell” patterns to cover the service area to
service a large number of users. However, such an approach
has the disadvantage of being costly, as back-up satellites are
also required by commercial communication systems to pro-
vide an appropriate level of redundancy and reliability, which
users have come to depend upon when compared to terrestrial
systems. Back up satellites also have to be equally capable of
supporting the large number of beams required to cover the
entire large service area.

Moreover, 1t will severely strain the design of satellites
employing antenna systems of the popular reflector type, as a
large number of feed horns will have to be employed and
tightly packed together for each of these reflector antennas.
The tightly packed configuration will 1n turn atfect the size of
the apertures that can be provided for these feed horns, which
in turn negatively impacts beam characteristics such as gain
and the beam quality.

Furthermore, the cellular pattern formed may be viewed 1n
a manner similar to that of a terrestrial cellular pattern. In
other words, a frequency re-use scheme has to be devised to
enable a finite number of assigned or allocated frequencies to
be used and shared by the large number of users located
within the coverage areas of different, and adjacent, “cells™.

There are also 1ssues with considering and addressing
inter-beam interference problems. Such interference needs to
be kept to an absolute minimum, regardless of the back up
satellite techniques used, as well as with the primary beam
forming communications satellites.

Satellite communication systems, and associated terminals
or wireless devices manufactured or operating using the
teachings of the present invention advantageously addresses
these and other challenges to provide less expensive, and
more reliable satellite based data communication services,
over that of the prior art.

SUMMARY OF THE INVENTION

A satellite communication system with gateways and user
terminals, and method of operation are disclosed. The satel-
lite communication system 1s typically used to provide data
access Tor user terminals, and can facilitate access by user
terminals to a communications network, such as the Internet,
or an enterprise Intranet.

In one embodiment, the communication system has one or
more gateways in communication with satellites and user
terminals, 1s disclosed having m primary multi-beam satel-
lites, with each of the primary multi-beam satellites equipped
and configured to project N/m beams onto a desired service
area, with the mxN/m, that 1s N, beams collectively covering
the service area, m being an integer value greater than 1. In
accordance with one aspect of the invention, n back-up multi-
beam satellites are also provided, with each of the back-up
multi-beam satellites also equipped to project N/m beams
onto the area, n being an integer value equal to or greater than
1. Each of the n back-up satellites may be selectively config-
ured, on demand as desired, to replace a failed one of the m
primary satellites.

In accordance with another aspect of the invention, in
addition to merely having to provide N/m beams (as opposed
to N beams 1n the single satellite approach), each of the N/m
beams of a satellite, primary or back-up, 1s projected 1n a
loosely-packed array manner. More specifically, mn one
embodiment, the N/m beams of configured such that each of
the N/m beam spots 1s one beam width apart from each other.
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In further aspects, a satellite comprises a plurality of tran-
sponders, and an antenna system having a reflector and N/m
teed horns, coupled to the transponders, to project N/m beams
onto an area in a loosely-packed array manner, to contribute to
covering N/m sub-areas of the overall area with m-1 other
satellites, with each sub-area covered by a beam spot sepa-
rated from another sub-area covered by another beam spot by
one beam width.

In accordance with another aspect of the invention, the N/m
beams of a satellite are projected across the entire service
area, covering different regions of the service area with peak
demands at different time periods. In one embodiment, m 1s
set equal to three and n 1s set equal to 1. In addition the area
covered by the satellite communication system comprises a
plurality of zones, each having a peak demand at a different
time period.

In accordance with yet another aspect of the invention, the
N/m beams of each satellite are assigned to facilitate commu-
nication over 1 of m band of frequencies on one beam, m
being an integer greater than 1.

In one embodiment, the method comprises configuring m
primary satellites to project N/m beams onto and across an
area, and configuring on demand a selected one of n back up
satellites to project N/m beams onto and across the area
coincidence with one of the m primary satellites 1s configured
to project 1ts N/m beams onto and across an area, to replace
the one primary satellite with the selected one of then back up
satellites.

In further aspects, the method comprises configuring the m
primary satellites to project N/m beams onto and across an
area 1n a loosely-packed array manner to collectively create N
beam spots to cover the area, with each sub-area covered by a
beam spot separated from another sub-area covered by
another beam spot by one beam width, m being an integer
greater than 1. Additionally, each of the m primary satellites
can be configured to facilitate communication over 1 of m
band of frequencies on one beam.

In further aspects, the method comprises configuring, on
demand a selected one of n back up satellites to project N/m
beams onto and across the area in a loosely-packed array
manner, with each sub-area covered by a beam spot separated
from another sub-area covered by another beam spot by one
beam width, to replace one of the m primary satellites with the
selected one of the n back up satellites, and configuring the
selected one of the n back up satellites to facilitate commu-
nication over 1 of m band of frequencies on one beam, the 1
of m band of frequencies being the 1 of m band of frequencies
previously employed by the replaced primary satellite.

In further aspects, a gateway useful for communicating
signals through a satellite communication system comprises
means for transierring signals through m primary satellites,
cach equipped to project N/m beams onto an area, m being an
integer greater than 1, and means for transierring signals
through n back up satellites, each equipped to project N/m
beams onto the area, to enable a selected one of the n back up
satellites to replace any one of the m primary satellites on
demand, n being an integer equal to or greater than 1. User
terminals for communicating signals through a satellite com-
munication system to at least one gateway comprise means
for transierring signals through the m primary satellites, and
means for transferring signals through the n back up satellites,
which are configured to replace any one of the m primary
satellites on demand.

BRIEF DESCRIPTION OF DRAWINGS

The features, objects, and advantages of the present inven-
tion will become more apparent from the detailed description
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set forth below when taken 1in conjunction with the drawings
in which like reference characters identily the same or similar

clements throughout and wherein:

FIG. 1 illustrates a satellite-based communication system
of the present invention, 1n accordance with one embodiment;

FIG. 2 illustrates beam projection of one of the multi-beam
satellites of FIG. 1 1n further detail;

FIG. 3A illustrates a portion of the composite “cell” pat-
terns resulting under the beam projection scheme of the
present invention, 1n accordance with one embodiment;

FIG. 3B illustrates how the beam patterns of FIG. 3A could
be projected on CONUS 1n accordance with one embodi-
ment,

FIG. 4 1llustrates the operational flow of a satellite com-
munication system in accordance with one embodiment;

FIG. 5 1llustrates one embodiment of a hardware system to
implement various embodiments; and

FIG. 6 illustrates one embodiment of a machine-readable
medium to store executable instructions to implement various
embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

In the descriptions to follow, various embodiments of the
present invention, and different aspects of these embodiments
will be described. However, 1t will be apparent to those skilled
in the art that the present invention may be practiced with only
some or all aspects of the various embodiments. For purposes
ol explanation, specific numbers, materials and configura-
tions are set forth 1n order to provide a thorough understand-
ing of the various embodiments. However, 1t will also be
apparent to one skilled 1n the art that the various embodiments
may be practiced without the specific details. In other
instances, well-known features are omitted or simplified 1n
order not to obscure the present invention.

Parts of the description will be presented using terminol-
ogy commonly employed by those skilled in the art to convey
the substance of their work to others skilled 1n the art, such as
beams, frequencies, antennas, retlectors, feed horns, aper-
tures and so forth. Unless defined otherwise, these terms are
to be given the broadest meanings as they are understood by
those ordinarily skilled in the art.

Reference herein to “one embodiment™, “an embodiment™,
or stmilar formulations, means that a particular feature, struc-
ture, operation, or characteristic described 1n connection with
the embodiment, 1s included 1n at least one embodiment of the
present invention. Thus, the appearances of such phrases or
formulations herein are not necessarily all referring to the
same embodiment. Furthermore, various particular features,
structures, operations, or characteristics may be combined 1n
any suitable manner 1n one or more embodiments.

A typical satellite communications system uses several
satellites 1n known orbital patterns to provide service for one
or more wireless user terminals by transferring signals
between, that 1s to or from, such terminals and one or more
gateways, ground stations or hubs. Such systems have the
ability to provide communications capabilities or coverage
over large geographical areas or regions. A typical satellite
communications system might use on the order of 48 or more
satellites residing 1n a series of well defined orbital planes, for
example 6, to provide nearly global coverage.

The satellites can use either TDMA or CDMA type modu-
lation or air interfaces for the signals on the forward or reverse
links, or a combination thereof. A spread spectrum (SS) code
division multiple access (CDMA) technique currently used in
satellites 1s similar to the TIA/EIA Interim Standard, “Mobile
Station-Base Station Compatibility Standard for Dual-Mode
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Wideband Spread Spectrum Cellular System” TIA/EIA/IS-
95, July 1993, reterred to as the Telecommunications Industry
Association/Flectronic Industries Association (TIA/EIA)
Standard IS-95. However, other spread spectrum and CDMA
techniques and protocols, or even some types of Time Divi-
sion Multiple Access (TDMA) systems can be employed.
Other communications systems are described in the Interna-
tional Mobile Telecommunications System 2000/Universal
Mobile Telecommunications System or IM'T-2000/UM stan-
dards, covering what are commonly referred to as wideband
CDMA (WCDMA), cdma2000 (such as cdma2000 1x-rxtt
cdma2000 1x, 3x, or MC standards, for example) or TD-
SCDMA. Satellite based communication systems also utilize
these or similar known standards.

The use of particular modulation schemes does not operate
as a limitation for embodiments the invention, although one
scheme might be more efficient to use 1n a particular commu-
nication system than another depending on the design con-
straints and desired operating characteristics. The forward
link (FL) refers to communication signals, or paths, being
transierred or traveling from the gateway to the user terminals
while the reverse link (RL) refers to communication signals
traveling from the user terminals to the gateway.

The terminals discussed herein are adapted for communi-
cation with the satellites, and each have or include, by
example, a plurality of different types of fixed and mobile
user terminals including, but not limited to, a cellular tele-
phone, wireless handset or other device, a wireless modem, a
data transceiver, or a paging or position determination
receiver, or mobile radio-telephones. Furthermore, user ter-
minals can be hand-held, portable as in vehicle-mounted (in-
cluding for example cars, trucks, boats, trains, and planes), or
fixed, as desired. Wireless communication devices are also
sometimes referred to as user terminals, mobile stations,
mobile units, subscriber units, mobile radios or radiotele-
phones, wireless units, or simply as ‘users,” ‘subscribers,’
‘terminals,” and ‘mobiles’ 1n some communication systems,
depending on preference.

In addition, the satellites employ predetermined or
designed beam patterns created by beam-forming antenna
structures for the transfer of signals within a given geographi-
cal region or “footprint” of the satellite. The beam patterns
can vary from circular to more elongated elliptical, or have
various 1rregular shapes or gain distribution patterns, as
would be known to those skilled in the art. Any suitable
pattern or set of patterns might be used according to a specific
communication system design, and such patterns do not oper-
ate as a limitation for embodiments the invention. More or
fewer numbers of beams may be used depending on the type
or capacity of signals being used, geographical regions to be
covered, number of terminals to be serviced, power available,
frequencies available, and other satellite or system design
constraints known to system designers.

FIG. 1 illustrates a satellite-based communication system
uselul for implementing embodiments of the invention. As
illustrated, a satellite communication system 100 1s formed
using a series of primary multi-beam satellites 110 there
being ‘m’ such satellites in the communication system, where
m 1s an integer and has a value greater than 1. Each satellite in
the system 1s equipped or configured to project N/m beams to
a region covering a service area 115 to make 1t possible to
provide services for user terminals by transierring data and/or
other communication signals, or commands, within the ser-
vice area 115. When taken together, the m satellites, each
producing N/m beams, generate or provide the N beams
desired to cover the service area. For the illustrated embodi-
ment, m 1s equal to 3, although other values can clearly be
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used, as desired. Depending on the size of the chosen service
area for the communication system, N typically may range
from around 30 to 120 total beams with service area 115.

The value selected for N will vary for different communi-
cation systems, and 1s based on many well known factors. For
example, the overall size of the satellite footprint or service
area to be covered, the quantity of traific or signals to be
transierred, and at what data rates, as well as the anticipated
operating frequencies or reuse patterns, the beam shapes, and
so forth, as would be known. While some beams can be made
quite large, doing so might decrease the total number of
terminals that can be accommodated or serviced, or cause
interference with other beams or systems, and so forth. Using
large numbers of small beams creates more complicated and
costly antenna structures and design problems for satellites 1n
terms of the number of transducers used, control systems,
reliability, and power consumed.

A typical value 1s 16 beams on both the FLL and RL,
although these need not be equal 1n number, nor 1n size or
symmetrical in shape and distribution pattern within the foot-
print. However, using different frequencies and FDM tech-
niques, additional beams, referred to as ‘sub-beams’ can
cover the same geographical area, for example 8-13 sub-
beams, or more, within a beam could be used to create a total
of around 208 sub-beams per satellite. Embodiments of the
invention are not limited to specific numbers of beams and
can prove uselul 1 a variety of configurations and commu-
nication systems.

In accordance with one aspect of the present invention, n
back-up multi-beam satellites 112 are also provided, with n
also being an integer equal to or greater than 1. Each of the
back-up multi-beam satellites 112 are also equipped to
project N/m beams onto a desired surface area, or within a
service area. In other words, the primary and the back-up
multi-beam satellites are similarly constituted in terms of the
number of beams being formed, the shape of the beams, over
all footprints, and frequency and power control, although not
all of these features need be identical. For the illustrated
embodiment, n=1.

Therefore, by being able to activate or switch communica-
tion paths or links for given beams to one or more of the
back-up satellites, each of the n back-up satellites 112 may be
selectively configured to replace a failed one of the m primary
satellites 110. As a result, the present invention advanta-
geously reduces the cost of providing redundancy over the
single multi-beam satellite approach, as long as n 1s smaller
than m. This 1s due to the fact that the cost of providing a
back-up satellite with the capability of projecting N/m beams
1s generally relatively less expensive than the cost to provide
a back-up satellite capable ol projecting N beams. In addition,
the larger number of beams being serviced by a given satellite
increases physical and operational complexity which also
increases the risk of operational failure.

Satellites, such as satellite 110 may be placed into one of a
variety of orbits, for example, a low Earth orbit (LEO); a
middle Earth orbit (MEQO); or a geosynchronous orbit (GEO),
cach having well known or understood characteristics. A
geosynchronous orbit 1s sometimes referred to as a geosta-
tionary orbit. One exemplary geosynchronous orbit has an
orbital period of 23 hours, 56 minutes, and 41 seconds, which
has the eflect of causing a satellite to appear to reside 1n a
stationary location above the surface of the Earth.

Except for the fact that each satellite 110 and 112 1s multi-
beam type, and the manner in which they are used 1n advan-
tageously forming the less expensive, and more reliable sat-
cllite communication system of the present invention,
satellites 110 and 112 otherwise represent a broad range of
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communication satellites whose structure and operation are
known 1n the art. Any suitable ones of these known or to be
developed satellites may be employed to practice the present
invention. However, the satellites need not be 1identical 1n all
aspects as longs as they provide the desired beam coverage,
and associated power and command controls expected within
the communication system.

FI1G. 2 1llustrates an example of beam projections for each
of the satellites, primary or back-up, 1n accordance with one
embodiment. As 1llustrated, 1n accordance with this aspect of
the present invention, 1n addition to having to only provide
N/m beams (as opposed to N beams), each of the N/m beams
of a satellite, primary or back-up, i1s projected 1n what 1s
referred to as a loosely-packed array manner 120. That 1s, the
beams are projected from satellites 1n a manner that forms a
pattern with the adjacent beams spaced apart or separated
from each other by some pre-selected distance.

As a result, as those skilled 1n the art will appreciate, the
teed horns of the transierring antennas of these satellites 110
and 112 may likewise be arranged 1n a loosely-packed con-
figuration, which reduces the physical constraints placed on
the design of the antennas. In this configuration, this allows
relatively larger apertures to be used for the feed horns. The
configuration results in better quality beam, 1n particular, with
respect to the gain characteristics of these beams. Since the
beam forming antennas or structures of a satellite 110 or 112
are typically coupled to or formed using transmission and/or
reception elements commonly referred to as “transponders”,
this also simplifies design and arrangement of the transpon-
ders.

Furthermore, for various embodiments, the N/m beams of
cach satellite, be i1t a primary or back-up, can be configured
such that each of the N/m beam coverage areas or spots 1s
spaced apart by one beam width from each other or each
adjacent beam projected spot or footprint (within the satellite
spot or footprint). Accordingly, for the embodiment where
m=3 and n=1, back-up satellite 112 may be efficiently recon-
figured to replace a failed one of the primary satellites 110, by
having each of its N/m beams repositioned or moved within
the satellite footprint by one beam width. That 1s, the beams
for satellites 112 are normally positioned within the separa-
tion gaps or spaces for the primary satellites 110, between the
beams of satellites 110, and are generally easily redirected out
of the gap and onto a desired primary coverage area without
a great deal of complex operation or control, and with little
delay. The beam forming antennas are readjusted to project
beams at a slightly different angle relative to the surface of a
coverage region. Therefore, an efficient and highly respon-
stve replacement 1s provided in the case of a primary satellite
or beam failure.

This latter operational characteristic for embodiments of
the invention are 1n great contrast to typical communication
systems that maintain “1n orbit” spares or spare satellites that
must be moved over some period of time 1nto a new orbital
position 1n order to replace a failed or mal-functioning satel-
lite. The large amount of delay, and cost, for such an operation
1s eliminated using the new technique, which greatly impacts
customer or user satisfaction, with not being “cut-off” for
long periods, and increases revenue by reducing down-time
for any given region. It 1s also 1n contrast to having to replace
an entire satellite as a failed satellite even 11 problem with only
a couple of beams are causing an impairment within the
communication system, which might be resolved over time,
climinating the need for entire satellite replacement.

In accordance with another aspect of the present invention,
in various embodiments, the N/m beams of a satellite 110 or
112 are advantageously projected across the service area.
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Thus, when service area 115 1s comprised of different regions
having peak demands at different time periods, the manner of
projection etlectively performs automatic load balancing
among the operating satellites 110. That 1s, the beams of back
up satellites can be used to absorb an additional transient load,
without requiring a full time stationing of a more expensive
satellite to cover such areas of peak use which other have a
limited period of use, and would wise under-utilize the capac-
ity of the satellite.

For example, one could employ the 3-satellite embodiment
of FIG. 1 to constitute a satellite communication system to
provide data service, such as for Internet access, to the con-
tinental United States, also referred to 1in the art as CONUS. In
addition many companies may want to provide access to their
respective corporate or enterprise level Intranet networks.
Historically Intranet access tends to peak during mid-day
hours, and Internet access tends to peak during the early
evening hours, with the early evening hours of some time
zones, here mountain and pacific time zones, lagging behind
others, the eastern and central time zones. This configuration
automatically achieves load balancing by having each of the
operating satellites share the peak load (as compared to the
alternative configuration of having each of 3 satellites cover
the eastern, the central, and the western portions of CONUS).

FIG. 3A illustrates a portion of the generally cellular pat-
tern that typically results from the beam projections, and
frequency band assignments, in accordance with one embodi-
ment. FIG. 3B illustrates how the beam patterns of FIG. 3A
could be projected on CONUS 1 accordance with one
embodiment.

As described earlier, each of satellites 110 projects N/m
beams onto the service area 115 to facilitate communication.
Collectively, the mxN/m beams cover the whole service area
forming the cellular pattern illustrated.

In accordance with yet another aspect of the present inven-
tion, the available frequencies are divided into m bands;

which for m=3 would comprise 3 bands, here labeled as
frequency band 1 (FB1), frequency band 2 (FB2) and fre-

quency band 3 (FB3). The N/m beams of each satellite 110 are
assigned to facilitate communication over 1 of the m band of
frequencies. That 1s, for the m=3 embodiment, all N/m beams
of satellite 1 facilitate communication over frequencies of
FB1, all N/m beams of satellite 2 facilitate communication
over frequencies of FB2, and so forth. As a result, when
coupled with the loosely-packed array projection scheme, the
proper assignment of the frequency bands causes communi-
cation 1n adjacent “cells” (beams) to be conducted over dii-
ferent frequencies, which 1n turn reduces the likelithood of
inter-beam 1nterferences between communications within
different “cells”.

FIG. 4 illustrates the operational flow or method of opera-
tion for a satellite communication system constituted in
accordance with the teachings of the mvention, as earlier
described, in accordance with one embodiment. As 1illus-
trated, 1n a step or processing stage 402, the N/m beams of a
primary multi-beam satellite 110 are configured to project in
a loosely packed array manner across an entire service area.
Next, 1n step 404, each of the N/m beams of the primary
multi-beam satellite 110 1s configured to facilitate communi-
cation over one of the m bands of frequencies.

In a step or process 406, 1t 1s determined whether or not all
primary satellites have been so configured. 11 not, the process
returns to step 402, from which 1t continues, and configura-
tion 1s performed on another primary satellite 110. The pro-
cess continues, until 1t 1s eventually determined in processing
step 406 that all primary satellites 110 of interest have been
configured as desired. At which time, the process continues 1n
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process or method step 408, where it 1s determined whether or
not one of the primary satellites has failed. If no failure 1s
detected, the system continues to operate, and the process
returns to step 408 periodically to check for primary satellite
tailures.

Eventually, when a primary satellite failure 1s detected, the
N/m beams of a selected one of the back-up satellites 1s
configured to project 1n a loosely packed array manner, and
across the service area, step 410 as earlier described. More-
over, each of the N/m beams of the selected back-up satellite
112 1s configured to facilitate communication in the 1 of m
bands of frequencies previously assigned to the failed pri-
mary satellite, 1n step or processing stage 412.

Finally, each of the N/m beams of the back-up satellite 1s
re-positioned to allow the selected back-up satellite to replace
the failed one of the primary satellite. Recall from earlier
description that 1 various embodiments, each of the N/m
beams of the back-up satellite 1s easily re-positioned by one
beam width to be 1n position to replace a failed primary
satellite.

Understood from the above discussions 1s the fact that the
various user terminals and gateways are configured to com-
municate signals through or with both or either the primary
and back-up satellites. The gateways and terminals employ
various communication circuits or means 1n accordance with
the chosen modulation schemes for a given communication
system of 1nterest, which are used to generate, transmit, and/
or recerve signals within the appropriate frequency bands, and
using the desired modulation schemes or techniques. Such
techniques and factors, such as antenna structures, power
control, and so forth are otherwise well understood by those
skilled 1n the art, and their specific detailed implementations
within the gateways and user terminals are not explained
turther 1n detail herein.

Thus, 1t can be seen from the above description, a less
expensive and more reliable satellite communication system,
suitable for facilitating data commumnication, in particular,
network accesses, such as for the Internet, for a wide service
area, has been described.

Various embodiments of the present invention, especially
as mmplemented 1n the gateways, require computational
resources to carryout the above-described functionality. FIG.
5 1llustrates one embodiment of a hardware system intended
to represent a broad category of computer systems such as
personal computers, workstations, and/or embedded systems.
In the 1llustrated embodiment, the hardware system includes
processor 310 coupled to high speed bus 505, which 1s
coupled to input/output (I/0) bus 5135 through bus bridge 530.
Temporary memory 520 1s coupled to bus 505. Permanent
memory 540 1s coupled to bus 515. I/O device(s) 550 1s also
coupled to bus 515. I/O device(s) 550 may include a display
device, a keyboard, one or more external network interfaces,
etc.

Certain embodiments may include additional components,
may not require all of the above components, or may combine
one or more components. For instance, temporary memory
520 may be on-chip with processor 510. Alternatively, per-
manent memory 540 may be eliminated and temporary
memory 520 may be replaced with an electrically erasable
programmable read only memory (EEPROM), wherein soft-
ware routines are executed i place from the EEPROM. Some
implementations may employ a single bus, to which all of the
components are coupled, or one or more additional buses and
bus bridges to which various additional components can be
coupled. Those skilled 1n the art will be familiar with a variety
of alternative internal networks including, for instance, an
internal network based on a high speed system bus with a
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memory controller hub and an I/O controller hub. Additional
components may include additional processors, a CD ROM
drive, additional memories, and other peripheral components
known 1n the art.

In one embodiment, the present mvention, as described
above, 1s implemented using one or more hardware systems
such as the hardware system of FIG. 5. Where more than one
computer 1s used, the systems can be coupled to communicate
over an external network, such as alocal area network (LAN),
an internet protocol (IP) network, etc. In one embodiment, the
present 1nvention 1s implemented as software routines
executed by one or more execution units within the computer
(s). For a given computer, the software routines can be stored
on a storage device, such as permanent memory 540.

As would be apparent to one skilled 1n the art, various
functions of circuit elements may also be implemented as
processing operations in a software program. Such software
may be employed 1n, for example, a digital signal processor,
micro-controller, or general-purpose computer. As shown in
FIG. 6, the software routines can be machine executable
instructions 610 stored using any suitable machine readable
storage medium 620, such as a diskette, CD-ROM, magnetic
tape, digital video or versatile disk (DVD), laser disk, ROM,
Flash memory, etc. The series of instructions need not be
stored locally, and could be received from a remote storage
device, such as a server on a network, a CD ROM device, a
floppy disk, etc., through, for mnstance, I/O device(s) 550 of
FIG. 5.

From whatever source, the instructions may be copied
from the storage device into temporary memory 520 and then
accessed and executed by processor 510. In one implemen-
tation, these software routines are written 1n the C program-
ming language. It 1s to be appreciated, however, that these
routines may be implemented 1 any of a wide varniety of
programming languages.

In alternative embodiments, discrete hardware or firmware
may be used. For example, various aspects ol the present
invention may be implemented as circuit-based solutions,
including possible implementation on one or more applica-
tion specific integrated circuits (ASICs) e programmed with
one or more of the above described functions of the present
invention. In another example, one or more functions of the
present invention could be mmplemented in one or more
ASICs on additional circuit boards and the circuit boards
could be inserted into computer(s) described above. In
another example, ficld programmable gate arrays (FPGAs) or
static programmable gate arrays (SPGA) could be used to
implement one or more functions of the present invention. In
yet another example, a combination of hardware and software
could be used to implement one or more functions of the
present 1nvention.

It 1s to be understood that the present mvention 1s not
limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the sub-
joined claims.

What 1s claimed 1s:

1. A satellite communication system comprising:

m primary satellites, each equipped to project N/m beams
onto an area, the N/m beams from each primary satellite
projected across the area 1 a loosely-packed array
wherein beam spots from any one of the m primary
satellites are separated by one beam width, wherein N 1s
a total number of beams projected over the area by them
primary satellites and m 1s an integer greater than 1; and

n back-up satellites, each equipped, disposed, and config-
ured to project N/m beams onto the area such that beam
spots from any one of the n back-up satellites are posi-
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tioned within gaps between the beam spots from the m
primary satellites, wherein respective ones ol the n back-
up satellites are configured to respond to failure of a
falled primary satellite by angularly redirecting 1its
beams, without moving from an orbital position occu-
pied by the respective ones of the n back-up satellites
prior to the failure of the failed primary satellite, to cover
the area previously covered by the beams from the failed
primary satellite.

2. The satellite communication system of claim 1, wherein
the m primary satellites are configured to communicate over
different ones of m frequency bands.

3. The satellite communication system of claim 2, wherein
the one of the n back-up satellites assumes one of the m
frequency bands over which the failed primary satellite had
been configured to communicate.

4. The satellite communication system of claim 2, wherein
N beam spots from the m primary satellites are projected over
the area such that adjacent beam spots facilitate communica-
tion over different frequency bands.

5. The satellite communication system of claim 1, wherein
the satellite communication system facilitates access by user
terminals to a communication network.

6. The satellite communication system of claim 3, wherein
the communications network comprises at least one of an
Internet or an enterprise Intranet.

7. The satellite communication system of claim 1, wherein
n 1s less than m.

8. The satellite communication system of claim 1, wherein
the m primary satellites and the n back-up satellites facilitate
communication with at least one of a cellular phone, a wire-
less handset, a wireless modern, a data transceiver, or a posi-
tion determination receiver.

9. The satellite communication system of claim 1, wherein
cach of the N beams comprise a number of sub-beams oper-
ating within different frequency bands.

10. The satellite communication system of claim 1,
wherein the beams from the n back-up satellites are used to
absorb additional transient load during peak demand periods.

11. The satellite communication system of claim 1,
wherein the m primary satellites and n backup satellites are
configured to perform load balancing between the primary
and backup satellites.

12. The satellite communication system of claim 1,
wherein every beam spot from any one of the m primary
satellites 1s at least partially non-overlapping with every beam
spot from any other of the m primary satellites.

13. A method of satellite communication, the method com-
prising:

projecting N/m beams from each of m primary satellites

onto an area 1n a loosely-packed array, beam spots from
cach of the m primary satellites separated by one beam
width, wherein N 1s a total number of beams projected
over the area by the m primary satellites and m 1s an
integer greater than 1;
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projecting, prior to a failure of one of the m primary satel-
lites, N/m beams from each of n back-up satellites onto
the area such that beam spots from any one of the n
back-up satellites are positioned within gaps between
the beam spots from the m primary satellites;

detecting the failure of the one of the m primary satellites;

and
redirecting the N/m beams from one of the n back-up
satellites, without moving the one of the n back-up sat-
ellites from an orbital position occupied by the one of the
n back-up satellites prior to the failure of the one of the
m primary satellites that failed, to cover the area previ-
ously covered by the beams from the one of the m
primary satellites that failed, wherein the redirecting
comprises adjusting a projection angle of an antenna on
the one of the n back-up satellites.
14. The method of claim 13, further comprising configur-
ing each of the m primary satellites to communicate over a
different one of m frequency bands.
15. The method of claim 14, further comprising configur-
ing the one of the n back-up satellites to communicate over a
frequency band over which the one of the m primary satellites
that failed had been configured to communicate.
16. The method of claim 13, further comprising projecting
the N beams from the m primary satellites over the area such
that adjacent beam spots facilitate communication over a
different one of m frequency bands.
17. The method of claim 13, further comprising projecting
a number of sub-beams within each of the N beams, each
sub-beam operating within a different frequency band.
18. A non-transitory machine-readable storage medium
comprising processor-executable instructions configured to
cause a processor to:
project N/m beams from each of m primary satellites onto
an area 1n a loosely-packed array, beam spots from each
of the m primary satellites separated by one beam width,
wherein N 1s the a total number of beams projected over
the area by the m primary satellites and m 1s an integer
greater than 1;

project, prior to a failure of one of the m primary satellites,
N/m beams from each of n back-up satellites onto the
area such that beam spots from any one of the n back-up
satellites are positioned within gaps between the beam
spots from the m primary satellites;

detect the failure of the one of the m primary satellites; and

redirect the N/m beams from one of the n back-up satel-
lites, without moving the one of the n back-up satellites
from an orbital position occupied by the one of the n
back-up satellites prior to the failure of the one of the m
primary satellites that failed, to cover the area previously
covered by the beams from the one of the m primary
satellites that failed by modifying a projection angle of
an antenna on the one of the n back-up satellites.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

